Background We explored whether restrictions on using e-cigarettes in public places deter smokers from switching to e-cigarettes for harm reduction purposes. Secondary objectives looked at the ability to use e-cigarettes in public places as a reason for use and attitudes towards this among smokers.
Introduction
E-cigarette use is increasing in many countries, including the UK, and there is still much debate for and against their use.
1,2 As a result, the introduction of restrictions on the use of e-cigarettes in public places is a controversial topic. Arguments against allowing the use of e-cigarettes in public places include the possibility that they would undermine smoking bans and make their enforcement more difficult. 3 It is also suggested that the use of these devices may normalize smoking behaviour and that use of e-cigarettes in public places will send mixed messages to the public about smoking acceptance. 4 In addition, while the concentrations of potentially harmful inhalants in e-cigarette vapour are lower than that of cigarettes, they are still present and can impact on involuntary bystanders, exposing them to greater than normal levels. [5] [6] [7] [8] [9] Arguments for continuing to allow the use of e-cigarettes in public places include their potential role in helping both those smokers who wish to quit smoking and those who are not able to quit completely but wish to reduce the harm from using tobacco. There is evidence to suggest e-cigarettes may help smokers to reduce their tobacco intake and/or to quit smoking if used daily. [10] [11] [12] [13] Though the findings are not consistent across studies and there are suggestions that non-daily users of e-cigarettes may be less likely to quit smoking. [11] [12] [13] It has been argued that the precautionary principle should instead be applied in the form of under-regulation as there is a public health risk in stopping smokers from using e-cigarettes. 14 It is suggested that there is already confusion amongst the public over whether e-cigarettes pose as much harm as conventional cigarettes and legislation could encourage this further, discouraging those who might benefit from using them to avoid some of the harms associated with smoking. 2 Some states and regional governments in the USA have extended their smoking bans to include e-cigarettes. 15 The Public Health (Wales) Bill was introduced in June 2015 and included provision for restricting the use of nicotine inhaling devices such as electronic cigarettes in enclosed and substantially enclosed public and workplaces, bringing the use of these devices into line with existing provisions on smoking. 16 The motion to approve the Bill was not agreed by the Welsh Assembly at the time and the provision for such restrictions was later dropped from the Bill. However, it remains important to establish the evidence base on whether or not restricting the use of e-cigarettes in public places would deter smokers from switching to less harmful products to inform future policy. 4 In addition, it is important to ascertain whether former and current smokers support or oppose restrictions on e-cigarettes as they are likely to be the most affected by any ban. High levels of support for restrictions on e-cigarettes among former smokers may suggest that those who have successfully quit do not feel that such restrictions would have prevented them from quitting. The primary aim of this review was to assess the research evidence on whether or not restrictions on the use of e-cigarettes in public places would reduce the likelihood of smokers switching to e-cigarettes for harm reduction purposes. Secondary review questions, which it was felt might contribute to answering the primary review question, were (i) how much of a role smoking restrictions in public places play in smokers choosing to use e-cigarettes; and (ii) what are smokers and vapers attitudes towards restrictions on e-cigarettes in public places.
Methods
Following an initial scoping search, a protocol was developed which set out a priori the search strategy and review methodology which would be followed. A stakeholder group was established to develop the review question and agree the scope and protocol for the review.
We undertook a search of the following databases on 11th August 2016: CINAHL, Cochrane Library, EMBASE, HMIC, Public Health Wales Library catalogue and knowledge base, Medline, NHS Evidence, NICE Guidance, PsychINFO, PROSPERO, PubMed (ahead of print), Health Evidence Canada, Campbell Collaboration Reviews and EPPI Centre Systematic Reviews. Search terms included key words such as 'e-cigarette', 'electronic cigarette' and 'vaping' combined with key words such as 'regulation', 'legislation', 'public places', 'ban' or 'policy'. A range of database subject headings were included where available, including 'electronic cigarettes', 'public policy', 'health policy', 'smoke-free policy' and 'legislation'. The grey literature was also searched through both topicspecific and wider websites. The search was limited to studies undertaken in OECD countries and articles in the English language. The search was not limited by the date of publication. Reference lists of included articles were also searched.
Articles were screened at title, abstract and full paper by the lead reviewer (K.F.C.) to determine relevance according to predetermined inclusion/exclusion criteria. Screening repeatability checks on a random sample of 10% of abstracts and 100% of full papers were undertaken by a second reviewer (K.D.H.). Any disagreements were resolved through discussion and documented. We included primary research studies with participants of any age, smokers and vapers (current and former use), excluding those with no history of smoking or vaping. Studies were included if they reported any of the following outcomes: demand for e-cigarettes; intention to switch to, or try, e-cigarettes; reasons for using e-cigarettes; or attitudes towards restrictions on e-cigarettes in public places. Risk of bias was assessed using a modification of the STROBE checklist for cross-sectional studies, 17 the CASP checklist for qualitative studies, 18 or a mixture of both for mixed method studies.
Results Figure 1 shows the flow of articles through the review process. Of the 352 articles identified by the search, none were included for the primary question and 12 and 14 studies were included for the two secondary questions, respectively. The unweighted Kappa score for screening was 0.68 for abstracts and 0.58 for full papers. There was no indication of systematic differences between reviewers. The findings of the studies were summarized narratively by former, current and never smoking status and e-cigarette use. However, definitions for these categories varied between studies or were often not reported (see Appendices).
Study characteristics
Most studies were cross-sectional in design with the remaining either qualitative or using mixed methods. They were conducted across a range of countries and definitions of former and current smokers or vapers varied. Some of the studies were of specific populations. For example, students, homeless individuals or callers to a smoking quitline service.
19-21
How much of a role do smoking restrictions in public places play in smokers choosing to use e-cigarettes?
The studies included varied in how reasons for use were reported but were summarized by whether participants used them to help them deal with situations, or in places, where they could not smoke. For example, studies asked respondents whether they used e-cigarettes because they 'can use it anywhere', 'I use them when I cannot smoke regular cigs' or 'can use in no smoking areas'. 19, 22, 23 The findings of the studies were summarized by whether they indicated support or no support for the use of e-cigarettes in public places.
Use amongst former smokers One study reported that 8% of former smokers currently using e-cigarettes did so to help them deal with situations where they could not smoke (e.g. workplaces, bars or restaurants). 24 Two studies reported that of former smokers who had ever tried e-cigarettes, the proportion that had done so because they could use them where they could not smoke was between 2 and 34%. 22, 23 In addition, one study found that those who had ever tried an e-cigarette and had previously smoked had significantly higher odds of using them because they 'could use them anywhere' compared to never smokers (OR 2.18 95% CI 1.34-3.55). 19 Use amongst current smokers Two studies reported estimates for current smokers who were also using e-cigarettes, who reported that they used them for places or situations where they could not smoke; these ranged between 22 and 85%. 20, 25 Two studies reported that between 42 and 43% of current smokers who had ever used an e-cigarette had used them for places where they could not smoke. 22, 23 One study found that 5% of callers to quitlines, who had ever used e-cigarettes, reported doing so because they could be used in places where tobacco is not allowed. 21 In addition, one study found that those who had ever tried an e-cigarette and had smoked in the last 30 days had significantly higher odds of using them because they 'could use them anywhere' (OR 4.43 95% CI 2.79-7.03) compared to those who had never smoked. 19 One qualitative study of current smokers, who had used an e-cigarette in the last 30 days, found that about half of participants' reported using them more often than when they smoked traditional cigarettes, primarily because they could use e-cigarettes in environments where they were not allowed to smoke. 26 Use amongst 'ever' smokers and specific populations A study which combined former, daily and occasional smokers found that of those who had ever tried an e-cigarette, and could name their most commonly used brand, 9% commented that it was because they could be smoked everywhere, including smoke-free places. 27, 28 Another qualitative study of both former and current smokers reported that participants identified e-cigarettes as a product that they could use in locations where smoking cigarettes were prohibited. 29 The study of homeless individuals who currently smoked, found that around 59% of those that had used an e-cigarette in the past month had used it so that they could smoke indoors. 23 The survey of patients at a substance use treatment centre, who currently smoked and had used an e-cigarette in the past 30 days, found that 54% reported using them at times when they could not smoke cigarettes. 30 What are smoker's and vaper's attitudes towards restrictions on e-cigarettes in public places?
The studies included varied in how attitudes towards restrictions on e-cigarettes in public places were assessed and reported. For example, three studies asked participants whether they agreed or disagreed that individuals should be allowed to use e-cigarettes in public places and two studies asked whether they agreed that they should not be allowed. 29, [31] [32] [33] [34] [35] Other variations included whether participants felt that e-cigarette use should always be allowed in public places, only allowed sometimes or in some places, or not allowed; whether they agreed that there should be a law prohibiting the use in public places; whether they agreed that they should be allowed in places where smoking is not allowed; and whether they agreed that e-cigarettes should have the same restrictions as cigarettes or less restrictions in public places. [36] [37] [38] [39] One study used a 4-point Likert scale to estimate the amount by which participants agreed or disagreed with the use of e-cigarettes. 40 It was not clear what participants were asked in relation to support of e-cigarette use in public places in three of the studies. [41] [42] [43] The findings of the studies were summarized by whether they indicated support or no support for the use of e-cigarettes in public places.
Attitudes amongst former smokers
The findings of two studies indicated that former smokers were significantly more likely to support the use of ecigarettes in public places than never smokers. 35, 36 Findings from two different studies reported that formers smokers were also significantly less likely to support their use in public places than current smokers. 33, 38 One study estimated that 37% of former smokers indicated that e-cigarettes should not be used in public places where smoking was not allowed while two studies estimated support for their use among former smokers as 18-39%. 34, 35, 38 One study reported 53-78% of former smokers indicated that they should not be used in public places depending on location (pubs and nightclubs, and schools respectively). 33 
Attitudes amongst current smokers
Three studies indicated that current smokers were significantly more likely to support the use of e-cigarettes in public places, compared to never smokers. 33, 35, 36 Estimates for the proportion of current smokers that did not support their use in public places were 15-35%, compared to support for their use in these areas which was 51-54%. 35, 38, 40 Another study found a statistically significant negative correlation between no support for e-cigarette use in public places and being a current smoker and one study reported that the proportion who indicated they did not support their use ranged from 30 to 56% depending on location (pubs, nightclubs, bars and restaurants, and schools respectively). 33, 36 Attitudes amongst 'ever' smokers Of the studies which combined results for both former and current smokers, one study found that the odds of participants indicating no support for the use of e-cigarettes and other vaping products in places where smoking is not allowed were significantly lower compared to non-smokers: OR 0.35 (95% CI 0.22-0.54). 37 A second study found a statistically significant positive correlation between smoking status and support for the use of e-cigarettes in public. 29, 32 One study estimated the proportion of individuals indicating support for e-cigarettes use in public places to be 45% and one study estimated the proportion who did not support e-cigarette use in the workplace to be 35%. 34, 38 Attitudes amongst vapers Seven studies reported a significant association between e-cigarette use (ever or current) and support for their use in public places or support for their use in public places. 29, [31] [32] [33] [34] [35] 38, 40 No studies reported that they did not find a significant association. Two studies estimated <10-19% of 'ever' e-cigarette users indicated that they did not support their use in public places where smoking was not allowed. 39 Support for use of e-cigarettes in public places ranged from 35 to 64%. In addition, one study reported that the proportion who did not support their use ranged from 30 to 57% depending on location (bars and restaurants, and schools, respectively). 33 One study of current smokers estimated that 15% of current and 35% of former e-cigarette users did not support use of e-cigarettes indoors. 40 Another study of current and former smokers estimated that 65-74% of current and 52% of former e-cigarette users supported their use in public places. 38 Finally, a qualitative study of current e-cigarette users reported that the prospect of a ban elicited strong reactions, with attitudes not fixed but seen as tied to the scientific evidence with room for future change. 43 Attitudes amongst specific population groups Four studies looked at specific population groups; the first reported a statistically significant negative correlation between smoking status and support for the use of e-cigarettes in public among media students. 29, 32 A qualitative study of 14-17-year-olds reported that the majority of smokers and e-cigarette users were supportive of banning e-cigarette use in public places and felt that vaping should be as equally regulated as smoking. 42 The third study estimated that, of those enrolled in substance use treatment, 73% of ever users, 76% of current users, and 71% of former e-cigarette users supported or strongly supported their use in public places. 31 This compares to 46% of those who had never used e-cigarettes. The final study was qualitative in nature and found that participants, former and current smokers living in homeless shelters, disagreed on whether e-cigarette use should be permitted indoors. 41 
Discussion
Main finding of this study This systematic review did not find any evidence to answer the primary review question; whether restrictions on ecigarettes in public places would reduce the likelihood of smokers switching to e-cigarettes for harm reduction purposes. Estimates of the proportion of smokers whose decision to use e-cigarettes was influenced by restrictions to smoking in public places appeared to be lower for former smokers than current smokers. Both former and current smokers were found to be statistically significantly more likely to have tried an e-cigarette for reasons related to their use in public places than never smokers. Both former and current smokers were found to be significantly more likely to support the use of e-cigarettes in public places than never smokers. While former smokers were significantly less likely to support their use than current smokers. These findings were based on large studies considered to have low risk of bias following critical appraisal. Collectively, the included studies also suggest that e-cigarette users (current and 'ever') are significantly more likely to support their use in public places compared to never users. For both smokers and vapers there were studies which suggested the level of support varies considerably depending on the public place in question. Support for the use of e-cigarettes in public places was reported to be lower among former e-cigarette users compared to current users.
What is already known on this topic
The evidence base on whether restrictions on e-cigarettes in public places are likely to deter smokers from switching for harm reduction purposes has not been previously reviewed and is thus unclear. Studies which have surveyed public support for restrictions on e-cigarettes have found mixed results but have covered widely different populations. 38, 39, 42, 43 What this study adds This review confirms that there is currently a lack of evidence about whether restrictions on e-cigarettes in public places are likely to deter smokers from switching for harm reduction purposes. It might be expected that former smokers who feel that the ability to use e-cigarettes helped them to quit would be likely to oppose restrictions on e-cigarettes in public places. Former smokers were more likely to support the use of e-cigarettes in public places than never smokers, but less likely than current smokers. Further research could explore whether those who have successfully quit feel whether their ability to quit would have been hampered by restrictions in public places. It remains unclear whether restrictions in public places will deter smokers from switching to e-cigarettes for harm reduction. However, it is clear that such restrictions do play a role in smoker's decision to use e-cigarettes. Estimates for the proportion of smokers reporting the ability to use e-cigarettes in public places as a reason for use varied considerably between studies, but appeared to be lower for former smokers than current smokers.
Limitations of this study
The majority of studies included in this review were crosssectional and therefore subject to the accepted limitations of this study design, including the potential risk of bias through sample selection. For example, many of the cross-sectional studies used self-selected samples, such as individuals visiting vaping websites in order to identify a high proportion of e-cigarette users who may have held stronger than typical views on e-cigarettes and may not be representative of a typical population. The studies also covered a range of countries and individual US states which will have varied in their current e-cigarette policies. The current policy and press coverage may have affected the participant's attitudes towards e-cigarettes and restrictions in public places.
The differences between studies in populations and how outcomes were reported meant that it would not have been appropriate to undertake a meta-analysis and produce a summary statistic. For example, studies differed in what they meant by the term 'former smoker'; two of the studies considered former smokers as those who had not smoked in the last 30 days and two did not specify a time frame. It is also likely that an individual's decision to use to e-cigarettes is based on multiple reasons and factors, including ones that may not have been asked about by investigators in the studies or that they themselves may not have been aware of. This means that we cannot assume that those who started using e-cigarettes due to restrictions on smoking in public places would not have started using them for harm reduction purposes even if there had been similar restrictions on e-cigarettes.
None of the included studies found specifically looked at former smokers who had switched to e-cigarettes. Of those studies which looked at former smokers, five included those who had 'ever tried' e-cigarettes, one included those who had use an e-cigarette in the last month, and one included those who were currently using e-cigarettes. It cannot be assumed that these populations had 'switched' away from cigarettes to e-cigarettes. This limits the usefulness of these findings in their ability to estimate the impact of restrictions in public places on those choosing to switch to e-cigarettes for harm reduction purposes.
Conclusions
This systematic review found a gap in the evidence base relating to whether restrictions on e-cigarettes in public places are likely to reduce the likelihood of smokers switching to e-cigarettes for harm reduction purposes. The findings do suggest that restrictions on smoking in public places may play a role in smokers' use of e-cigarettes and that the size of that role varies between populations. However, we cannot be sure whether restrictions on e-cigarettes in public places would have prevented these smokers from using e-cigarettes, as many may have had multiple reasons for use. The included studies report that former smokers reported more support for the use of e-cigarettes in public places as those who have never smoked but are more likely to support restrictions than current smokers. This suggests that those who have successfully quit do not feel their ability to quit would have been hampered by restrictions in public places.
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